Introduction
The first case of 2009 pandemic influenza A(H1N1) in Denmark was diagnosed on 1 May 2009. The incidence, assessed as the percentage of influenza-like illness (ILI) seen by general practitioners in the national sentinel system, rose in July 2009 and remained stable at around 0.75% for many months, until it started rising again in the week of 8 November 2009 (week 45) and peaked at 5.03% in the week of 22 November 2009 (week 47) [1] . Surveillance of ILI seen by the Danish medical on-call service showed a similar pattern [2] . Considering that the age distribution of patients with pandemic influenza as well as the distribution of risk factors differed from those seen in seasonal influenza [3] [4] [5] , the impact on the healthcare system was also likely to be different from that during a seasonal influenza epidemic. Moreover, as the pandemic vaccine was available in week 45, a vaccination campaign after that would possibly not have been able to prevent many of the severe cases. It was therefore important to monitor severe disease due to the pandemic influenza.
Surveillance systems were enhanced to include hospitalisations and admissions to intensive care units (ICUs), as recommended in the Danish influenza pandemic plan [6] . The surveillance system to monitor the burden on ICUs was created in weeks 45 and 46 of 2009 in cooperation with the ICU of the Copenhagen University Hospital, Rigshospitalet, Denmark. The Danish Society for Anaesthesia and Intensive Care endorsed the system and the National Board of Health recommended that all ICUs in Denmark participated in the reporting. The system was set up to assess the ICU bed capacity used for pandemic influenza patients, and to provide demographic and clinical data as well as risk factors for death in order to estimate the impact of the pandemic on ICUs and contribute to an assessment of the severity of the pandemic and the severity of disease.
to the Statens Serum Institut: (i) aggregate numbers of pandemic influenza patients by age group and (ii) clinical information for each individual patient. A case that should be reported was defined as a patient admitted to an ICU with laboratory-confirmed pandemic influenza A(H1N1) infection or a patient whose infection was clinically suspected and had had close contact with a patient with laboratory-confirmed pandemic influenza.
All hospitals with acute care facilities (n=53) in the five hospital regions of Denmark, excluding the Faroe Islands, were invited to take part in the surveillance system. The system started in week 46 of 2009 and was planned to continue until week 20 of 2010, or until no new cases had been reported by the ICUs for three consecutive weeks, and other surveillance systems, such as the sentinel system, also showed low and stable incidence levels.
Aggregate data
Starting on 15 November 2009 (week 46), ICUs reported aggregate data once a week on a Monday morning before 12:00. During weeks 48 to 51 inclusive of 2009, they were asked to report on a daily basis. Then the deadline was 09:00 on Mondays to Thursdays; data for Fridays and the weekends were reported on Mondays.
A web-based reporting form was created on the homepage of the Statens Serum Institut. A dedicated contact person in the ICUs reported the number of new cases, as well as the number of cases present in the ICU at 08:00 on the day of reporting. The number of cases was reported by the following age groups: <1 year, 1-4 years, 5-14 years, 15-24 years, 25-64 years, 65-74 years and ≥75 years.
We entered the data from the web-based form to a master dataset in a Microsoft Access database. Each report in the aggregate system was evaluated and validated. Reports were corrected for double reporting when a case was transferred to another hospital, but this could only be done if the hospitals actively informed us. Similarly, reports were amended or removed when we were informed of errors or when they contained obvious inconsistencies that needed further follow-up. Bed capacity, expressed as a percentage, was calculated as the number of cases present in an ICU divided by the total number of beds available at that moment.
A summary of the data received was disseminated to the ICUs and the National Board of Health once a week and each day during weeks 48-51 of 2009 (the winter peak). The National Board of Health presented these reports in the parliamentary standing committee on health.
Case-based data
The form used to gather information on each patient included demographic and clinical data, such as underlying medical conditions, co-presenting illnesses, dates of onset of symptoms and admission to ICU and details on treatment. A physician completed this paper form. ICUs were asked to send the completed forms as soon as possible after a patient was admitted and to send any additional information at a later stage if anything was unknown on admission.
A unique patient identifier (the person's number from the Danish Civil Registry System [7] ) was reported on the case-based form. The Civil Registration number enabled us to complement the case-based surveillance with data from several registers. From the Danish Civil Registry System we could verify cases who had died as a result of pandemic influenza. A case who died of pandemic influenza after ICU admission was defined as a patient reported in the case-based surveillance who died within 30 days after initial laboratory confirmation of the infection. The Statens Serum Institut laboratory database was used to verify the laboratory confirmation of the patients reported in the case-based surveillance. During the pandemic, laboratories in Denmark were obliged to send samples from patients with ILI to the reference laboratory in Statens Serum Institut, either for initial testing or for confirmation. Vaccination status was verified using the Danish vaccination registry, which was set up in 2009 and was assumed to cover the majority of pandemic vaccine recipients. The vaccination registry also included the reason for vaccination.
Data were analysed using Fisher's exact test for categorical variables with a binary outcome and the MannWhitney test for continuous variables. The level of significance was set at p<0.05.
Results
We implemented the pandemic surveillance system, both for aggregate and individual data in week 46 of 2009. The system was discontinued after week 11 of 2010 as no new cases had been reported for three consecutive weeks and both sentinel surveillance and oncall monitoring showed low activity for several weeks [2] .
Of the 53 hospitals in Denmark with acute care facilities, five had no ICU and 16 were part of a larger group of hospitals that reported for them. As a result 32 hospitals across Denmark were identified for reporting. They reported for 36 ICUs: 32 general ICUs, two paediatric ICUs and two ICUs for neurosurgery.
Aggregate data
All 36 ICUs took part in the surveillance system, although the level of participation varied: until week 8 of 2010 the number of reporting ICUs varied between 22 and 29 after which the numbers dropped to 15 and 16, in weeks 10 and 11 of 2010, respectively. Late reports usually did not contain any cases. Personal contact with hospitals that had a low response rate confirmed that they had not reported because they had no cases.
After data cleaning, 355 weekly and 758 daily reports were validated and used for analysis. During the surveillance period 93 new cases were reported. Figure  1 shows the number of new cases by week of admission and the timeliness of reporting. Late reports were usually received within a week after the deadline. Only two cases admitted during the Christmas week were reported two weeks later. Data from the national sentinel surveillance system were added, showing the proportion of patients with ILI among the total number of patients who consulted a general practitioner. The peak of new pandemic influenza cases in ICUs was seen in week 48 of 2009, one week later than the peak seen in the sentinel data and two weeks after the oncall monitoring peak [2] . The last new case in an ICU was reported in week 8 of 2010.
The proportion of beds used for pandemic influenza cases did not exceed 4.5% of the total national ICU bed capacity. Hospitals with cases used a median of 11% of ICU beds for pandemic influenza patients (range: 3-40%).
Case-based data
A total of 74 case-based forms were received from 19 hospitals. These forms contained details of 61 individual patients: for 13 patients we received a second, updated form, either from the same hospital or from another hospital to which the patient had been transferred. Of the 61 reported cases, 53 were laboratory confirmed by polymerase chain reaction (PCR). Four cases tested negative in several PCR tests; for another four, the laboratory results could not be traced. Only the 53 laboratory-confirmed cases were used for analysis.
The number of laboratory-confirmed cases from the case-based surveillance is shown in Figure 2 by week of admission, as well as data from the sentinel system. Unlike the epidemic curve of the aggregate data, the peak of the case-based data coincided with the peak of the sentinel data and was one week after the on-call monitoring peak [2] .
Demographic data
Of the 53 laboratory-confirmed cases, 31 were male and 22 were female. The median age was 47 years (range: 3-80 years). Figure 3 shows the age-and sexspecific incidence. The median age among men was 50 years (range: 3-75 years) and among women 45 years (range: 5-80 years; Mann-Whitney test p=0.96).
Medical history
Details on medical history were complete for most cases, but for a few patients some details were missing. The presence or absence of an underlying medical condition was reported for 52 of the 53 laboratory-confirmed cases: 11 had no pre-existing underlying medical condition, while 41 had at least one. Table 1 shows the underlying conditions for cases under 15 years of age and those aged 15 years and older. The presence of specified underlying illnesses varied between 9 of 47 
the cases had other underlying illnesses that were not further specified. One case was reported to have been pregnant when admitted to the ICU and one had recently given birth.
According to the vaccine registry 10 of the 53 cases had been vaccinated against pandemic influenza A(H1N1): they had been vaccinated because of an underlying chronic illness. One of the 10 had been vaccinated twice, with an interval of a month between the vaccinations. The median time between vaccination and Table 2 shows the available data on clinical symptoms related to severe illness as well as treatment, interventions and outcome. The median interval between onset of symptoms and hospitalisation for 47 of the cases was three days (range: -78 to +33). Four of the 47 had already been hospitalised for 1, 5, 10 and 78 days when they developed pandemic influenza. When those four are excluded, the median time between symptom onset and hospital admission was four days. For these patients (n=43), the median interval between hospital admission and ICU admission was one day (range: <1-21 days,). The median time between onset of symptoms and the date of ICU admission was five days (range: <1-15 days, with one outlier of 54 days, n=43). The number of days in the ICU was calculated for 40 of these patients and ranged from less than one to 65, with a median of 10 days.
Clinical presentation, treatment, interventions and outcome
A majority of patients (41 of 51) developed pneumonia and 19 of 50 had septic shock. Of 48 patients, 15 developed renal insufficiency, 12 of whom had no history of this condition. Ten patients developed both renal insufficiency and septic shock.
Of 51 patients, 47 were reported to have been treated with antiviral medication, mostly oseltamivir (n=27) or a combination of oseltamivir and zanamivir (n=19). The median interval between onset of symptoms and the start of any antiviral treatment was five days (range: -6 to +53 days, n=42). One person was already on antiviral treatment before symptom onset. The median interval between ICU admission and start of antiviral treatment was less than one day (range: -9 to +8 days, n=47). A total of 13 patients were on antiviral treatment before ICU admission. A total of 42 of 52 patients received mechanical ventilation: most of them received ventilation immediately when they were admitted to the ICU. The median time between admission and ventilation was less than one day (range: <1-4 days, n=42). The median period of ventilation was 7.5 days (range: <1-45 days, n=22). Of 50 patients, 10 underwent haemodialysis and six of the 53 were treated with extracorporeal membrane oxygenation (ECMO).
The death rate was 32% (17 of the 53 cases). Three patients died more than 30 days after confirmation of their infection with pandemic influenza (34, 41 and 169 days after confirmation). As of 22 October 2010, the other 33 patients were alive. Of the 17 patients who died within 30 days 11 were male and six were female (Fisher's exact test p=0.57). Of the 17 cases whose deaths were related to the pandemic influenza, 13 had a pre-existing underlying medical condition. This was not associated with death (Fisher's exact test p=1.0). ECMO treatment was also not associated with a higher risk of death (three of six patients died after ECMO). Figure 4 shows the number of cases who died by age group. Of the 17 whose deaths were related to pandemic influenza, 12 were aged between 45 and 65 years.
Discussion
The aggregate data obtained through the surveillance system employed between week 46 of 2009 and week 11 of 2010 served as a tool to monitor the capacity in ICUs and to assist in planning for referral of severe cases as the epidemic progressed. Our results showed that the trend in incidence of pandemic influenza A(H1N1) infection was visible from the aggregate data even when only cases reported within the deadlines were considered. The aggregate data showed that the number of new cases reached its maximum a week later than the peak observed from the case-based surveillance and sentinel surveillance. This can be expected as the median period between onset of symptoms and ICU admission was five days.
The aggregate data enabled us to assess the number of patients with pandemic influenza in ICUs, but there are some uncertainties. We consider that the extent of the underestimation, due to inconsistent participation of some hospitals, is limited as we found that hospitals that had not reported usually had no cases. However, there might have been a slight overreporting of patients who had been transferred to another hospital. The choice of case definition, which included patients with an epidemiological link to a laboratory-confirmed patient, might have led to some false-positive cases. Due to the aggregate nature of the data, we cannot quantify this. All things considered, the extent of the uncertainties seems limited and we estimate that the number of reported cases (n=93) closely approaches 
Severity of the pandemic
This surveillance system can assess certain aspects of the severity of the winter peak of the pandemic in Denmark: the number of severe cases in the general population, the death rate among severe cases and the specific groups that developed severe illness.
On the basis of the 93 cases reported in the aggregate data, the estimated incidence in Denmark (with a population of 5.5 million) was 1.7 per 100,000 population. This suggests that the overall impact of severe illness was not high at the population level and is in line with the incidence of ICU admissions observed in Australia and New Zealand during the 2009 winter peak [8] .
In our study, the death rate was 32% (17 of 53 cases admitted to an ICU). These deaths occurred mainly in the age groups 44-54 years and 55-64 years. A cutoff point of 30 days after initial laboratory confirmation was chosen, to increase specificity, but it is possible that some of the deaths more than 30 days after confirmation were associated with pandemic influenza.
During seasonal influenza epidemics, children under two years of age and adults over 64 years are mostly affected, whereas the 2009 pandemic typically affected young adults [3] [4] [5] . The World Health Organization stated that people older than 65 years were the least likely to be infected with pandemic influenza, but if infected they would be at high risk of developing serious complications [9] . In Denmark, children aged 5-14 years contributed heavily to the number of patients admitted to hospitals [10] , which was less prominent in the ICU admissions. The median age of 47 years of the cases in our study is within the range described in other studies of ICU patients with pandemic influenza [11] [12] [13] [14] [15] [16] . While healthy adults generally do not suffer from severe illness when infected with seasonal influenza, the pandemic showed a different picture worldwide [3] [4] [5] . Our case-based data also showed a relatively high number of severe cases among previously healthy individuals.
The pandemic vaccination campaign started in week 45 of 2009 in Denmark. The strategy -to vaccinate all individuals with risk factors independent of age -was in line with the wide range in age distribution seen among patients with pandemic influenza in ICUs. It is important to note that the majority of the reported ICU cases with an underlying disease was not vaccinated. For those ICU patients who were vaccinated the vaccine probably came too late. However, vaccine effectiveness studies are needed to draw conclusions on these issues.
Severity of disease
The median period of five days between onset of symptoms of pandemic influenza and ICU admission was consistent with observations in other studies in Argentina (median of six days) and in Australia, New Zealand and Canada (median of four days) [11] [12] [13] . This interval will be influenced by access to healthcare and the perception of severity of symptoms by patients and physicians.
Severe respiratory failure occurred in 42 of 52 cases and for most of them, mechanical ventilation was started the same day they were admitted to the ICU. Also in other ways, the clinical presentation of pandemic influenza patients in Danish ICUs was severe, with 10 of 48 cases developing both renal insufficiency and septic shock, and several cases developing either renal insufficiency or septic shock. Davies et al. predicted that Europe had to prepare for an estimated 2.6 persons per million inhabitants needing ECMO treatment as a result of pandemic influenza [12] . Since ECMO treatment was only performed in one hospital in Denmark during the pandemic, we could verify that the six cases reported in our case-based surveillance to have received ECMO were in fact all pandemic influenza cases in Denmark who received ECMO during the surveillance period. This number is of the order of magnitude Davies et al. predicted.
Impact of the pandemic on Danish intensive care units
The aggregate data showed that the burden on the ICUs was limited, at a national level. However, for hospitals that had pandemic influenza cases the ICU bed capacity used for these patients was substantial. Similar findings on ICU bed capacity were reported from Australia and New Zealand during the 2009 winter peak [8] . Our case-based data showed that the vast majority of cases needed ventilation and a high number of cases presented with complications, requiring treatment such as haemodialysis and ECMO. This required a high level of care and led to extra pressure on ICU facilities and staff. Due to the absence of baseline data it is, however, not possible to compare this to the situation in ICUs during seasonal influenza epidemics.
The combination of aggregate and case-based data proved to be a useful tool to assess the situation in ICUs during the 2009 pandemic. Since both epidemic curves followed the same trend as the data from sentinel surveillance and on-call monitoring, the sentinel and on-call systems can be used to decide when to put the ICU surveillance in place during the next winter season. The ICU surveillance system could also be used during a seasonal epidemic in order to learn more about the baseline situation for seasonal influenza.
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